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H%j9:mF�!� �gE²�³ H0Â¤Â À�ÂdDGO�jmDEl Ã%F�!%ghÀ�HL!�n¶D À�Â
#?FIÃ%F*lpDGFIHs#�ÂmÃO:ÚgGH%noÀ¶n%@*jYH%n�ÂdD4Le*3D H%³En?!
fhjYÃ�H%n¶²IgEÀ¶jYÃk²Ij�!0F�'w²�ÂdDU¾mFIÃ�OmF*DE²�FÚ²IjmD�H%j9:mF j�!�À�ÂdDGO´j�!ÚP+B4D�D �d, ± �9D �d,ye (
P+B �9D�D�¿-(�g �-��� �h, (^¿�e � �I'?B ���Wg �-� !�ÂmÃ·P��I'?B ���/g �-� ! � B4D�DW !p(�g �-� e
� ��B �\L � !0F*²�ÂdDEl�! � �\L j �	�F Bn¶D¤gEH0F�!�0
*3D B�j�j
� ' �´jm³hlEj*¾Wn÷jmDEl N{À�Â
$Wl iQB ��l{n¶DGÁ ÂmÃO 7jmÀ¶À%$BfEÃ%Âmf'Â"!0F*l H%³GF�DGÂmH%n�ÂdDpÂmÁ

F�A\gEjYH%n�ÂdDW±8,_j�!0F*l ²�ÂdDGOmF�!0H%n¶ÂdD�²�ÂdD¤H0Ã%ÂdÀ�Á ÂmÃ�ghDEn¶²Ij�!0H·jYfhfhÀ¶n¶²IjYH%n�ÂdDM!IL ° ³EnoÀ�F�H%³GF
C�* �J�­jmÀ¶OmÂmÃ�n�H%³� >Á�ÂdgEDhlÄn¶D � J���,hjm²L:=!KÂ9SZ,e$ ²IgGH0H%n¶DGOân�HL!h!%F*DElEn¶DGO´Ã�jYH0F
n¶D ³EjmÀ�Áõn¶D Ã%F�!%fyÂdDM!0FpH0Â�jT!%n¶DEOdÀ�Fp²�ÂdDGOmF�!0H%n�ÂdD=n¶DElhn¶²IjYH%n�ÂdD�'
F�A\gEjYH%n�ÂdDW±8,_j�!0F*l
²�ÂdDGOmF�!%H%n�ÂdD ²�ÂdDUH0Ã�ÂdÀõg�!0F�! j ²�ÂdDUH0Ã%ÂdÀkF�A¤gEjYH%n¶ÂdDåH%³hjYHw �ÂmÃ%FQOmÃ�jmlEgEjmÀ¶À?$ jmDEl
!L 7Â¤ÂmH%³EÀ?$MjmlhjYfEHL!{n�HL!  7j�PWn& �g� Ã�jYH0F�,'F*²Ijmg�!0F�!0Â" �F?Ã%F*jmÀ¦±SH%n? �F�jYfEfhÀon¶²IjYH%n�ÂdD�!
nhDhlMH%³EjYH÷³EjmÀ�¾Wn¶DGO�H%³GF>!%F*DElEn¶DGO�Ã�jYH0F?n?!4gEDEDEF*²�F�!L!%jYÃ�n¶À?$�!0FI¾mFIÃ%F?jmDElk²IjmDkDEÂmH%n¶²�F�±
j9,hÀ?$´Ã%F*lEgh²�FKH%³EF7g�!0FIÃ0±Sf'FIÃ�²�F*n�¾mF*l A\gEjmÀ¶n¶HK$Ti k���lSLwC,À¶H%³GÂdgGOd³âH%³GF7j9,'Â�¾mF #�ÂmÃL:
³Ej�!�Odn¶¾mF*D Ã�n?!0F H0Â jq!%n�OdDEn%n_²IjmDUH�j� �ÂdgED¤H�ÂmÁ1Ã%F�!0F*jYÃ�²�³ ÂdD F�A\gEjYH%n�ÂdDW±8,_j�!0F*l
jmDEl ÂmH%³GFIÃÚHK$\fyF�! ÂmÁk²�ÂdDGOmF�!0H%n¶ÂdDW±�²�ÂdDUH0Ã�ÂdÀ^ 7F*²�³EjmDEn&!L F!JiQB�B9' B �e'4k=B���k�4e'
k���l8'
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#?F !0H%n¶À¶À'lGÂ DGÂmH�³Ej*¾mFKjmD1$ lGFIfhÀ¶Â
$dj9,hÀ�Fk²�ÂdDEOmF�!0H%n�ÂdDW±�²�ÂdD¤H0Ã%ÂdÀ� �F*²�³EjmDhn?!L F!�Á ÂmÃ
,'F�!0H3±SFUS'ÂmÃ%HR!0H0Ã�F*j� 7n¶DGOF KgEÀ�H%n? 7F*lEn¶jWL
��Ã%FI¾Wn�Âdg�!>#?ÂmÃL:BnoDBfhjm²O:mFIH-!0fhjm²In¶DEO�n¶DE²IÀogElGF�!Ri ke'<B 4�lSL�*3DmiQB 4�l8'��Ujmn¶D jYÃ�OdgGF�!

H%³EjYHMÃ�jYH0F�±�²�ÂdD¤H0Ã%ÂdÀ
fhÃ%ÂmH0Â\²�ÂdÀ&!,Á ÂmÃk²�ÂdDGOmF�!0H%n¶ÂdD.²�ÂdDUH0Ã%ÂdÀc Bj�$ DEÂmH^#?ÂmÃL:J#�n�H%³W±
ÂdgGH�H%³GF ²�Â\Âmf'FIÃ�jYH%n�ÂdD�ÂmÁ�n¶D¤H0FIÃO �F*lEn¶jYH0F Ã%ÂdgGH0FIÃO!h,'F*²Ijmg�!0FBf_jm²L:mFIHL!W 7j
$ OmFIH
²IÀ¶gM �f'F*lMH0ÂmOmFIH%³GFIÃ
jYH÷H%³GF?n¶DUH0FIÃp �F*lEn¶jYH0F�Ã�ÂdgGH0FIÃO!÷jmD $e#?j
$mL � ³En?!�#?ÂdgEÀ¶lõÃ�F�!%gEÀ�H
n¶D´À¶jYÃ%OmFIÃ^,hgGÃO!0HL!�jYH,H%³GFKn¶D¤H0FIÃO �F*lEn¶jYH0F·Ã%ÂdgGH0FIÃO!,FI¾mF*D´H%³EÂdgGOd³´H%³EF·OmÂdjmÀ� 7j�$
³Ej�¾mFN,'FIF*D´H0ÂBÃ%F*lEgh²�F·H%³GF ,_gGÃO!0H%n¶DEF�!L!�ÂmÁ
H%³GF�H0Ã�j�
B²YL ° ³En¶À¶FkH%³En?!- Bj�$´³Ej�¾mF
,'FIF*D�H0Ã�gGF�j1lGF*²IjmlGF�jYOmÂI'�#?F ,'F*À¶n�FI¾mF�H%³EjYHwH%³GF ,'Â\Â" ÂmÁGH%³EF #?ÂmÃ�À¶lW±8#,n¶lGF>#?F4,
jmDElÄÂmH%³GFIÃW �ghÀ�H%n? �F*lEnojpjYfEfhÀ¶no²IjYH%n�ÂdD�!k²�Ã%F*jYH0F�!�F*DEÂdgGOd³ n¶DUH0FIÃ�À�F*j*¾Wn¶DGO H0Ã�j�
B²
H0Âq Bjmn¶DUH%jmnoD fhjm²L:mFIH�!0fhjm²InoDGO ,'FIHK#?FIF*D F*DEl ³GÂ"!0HL!IL ° FJ#�n¶À¶À[!�gI,M!0H%jmD¤H%n¶jYH0F
H%³En&!�,yF*Àon�FIÁ÷n¶Dd_\F*²�H%n¶ÂdD 4\L k\L 4\L
C,OmOdjYÃL#�jmÀ�FIH�jmÀÇL-i k�lR!0H%gElI$ÄH%³GF FUSyF*²�H�ÂmÁ1gEDEn�Á ÂmÃO fhjm²L:mFIHF!0f_jm²In¶DGO P ÂmÃ

� fhjm²InoDGO"!Ue÷Â�¾mFIÃ�j1Ã%ÂdgEDElG±SH0Ã�n�f·H%n& �F?noD � J[�#L ° ³En¶À�F�fhjm²In¶DGO1Ã%F�!%gEÀ¶HL!#n¶DN,'FIH0H0FIÃ
Á�jmn�Ã�DGF�!O!4'¤H%³EÃ%ÂdgGOd³GfhgEH4'WjmDhl À�Â
#?FIÃ�lGÃ%Âmf Ã�jYH0F�!�n¶D�!0Â" �Fk²Ij�!%F�!4'EH%³GFõH%³GÃ�ÂdgGOd³W±
fhgEH?n?!)#?ÂmÃO!0FMH%³EjmD Ã%FIOdghÀ¶jYÃ � J��Y �Â"!0H�ÂmÁ#H%³GFMH%n? �F�,'F*²Ijmg�!0FõjKfhjm²�F*lW± � J[�
n?!t!%g�!%²�FIfEH%n?,hÀ�F�H0ÂN!<$WDE²�³GÃ%ÂdDEn%@IF*lBÀ�Â"!L!0F�!�jmDElBlGF*Àoj�$=!�²�ÂdDGOmF�!0H%n¶ÂdDBDGÂmH%n%n_²IjYH%n�ÂdD4L
*3D.²�ÂdDUH0Ã�j�!0H4' #?F7Á Â\²Ig�!kÂdD.H%³GF7FUS'F*²�HL!kÂmÁ�fhjm²O:mFIHN!0fhjm²InoDGO Â�¾mFIÃ/�����a#�n�H%³
²�ÂdD¤H0Ã%ÂdÀ4Á FIF*lI,hjm²O: Ã�jYH%³GFIÃ�H%³EjmDpÂdD � J��ån�HL!0F*À�ÁaL
*3D OmF*DGFIÃ�jmÀ 'GÂdgGÃ�fhjm²O:mFIH3±K!0fhjm²In¶DEO fEÃ�ÂmH0Â\²�ÂdÀ�lhnQSyFIÃp!�Á�Ã%Â" H%³GF·j9,'Â�¾mFN#�ÂmÃL:

n¶D !0FI¾mFIÃ�jmÀ�#?j
$e!IL\N{n�ÃO!0H4'dÃ�jYH%³GFIÃ�H%³hjmD7Á Â\²Ig�!�n¶DGOõfEÃ�n& 7jYÃ�n¶À%$·ÂdD ,'F*n¶DGOk²�Â" 7fhjYH3±
n%,_À�FBÂmÃf243�8?<d#�n�H%³ � J[��'{ÂdgGÃ�Ã�jYH0F�±�jml9v0g�!%H%n¶DGOâfEÃ%ÂmH0ÂW²�ÂdÀ�jmlElGÃ%F�!O!0F�!KÁ jmn�Ã�DGF�!L!
#�³hn¶À�FV!�n? �ghÀ�H%jmDGFIÂdg�!%À?$ lGF*À¶n�¾mFIÃ�noDGOJ�^���
±�À¶n%:mF�,hjmDhlI#�n¶lGH%³�L�_\F*²�ÂdDEl�' #?Fpjm²�±
²�Â" �f_À¶n?!%³ H%³GF�j9,'Â�¾mF7Á F*jYHf, $ân¶D¤H0Ã%ÂWlEgE²In¶DGO H%³GF�²�ÂdgED¤H0FIÃ�n¶D¤H%gEn�H%n�¾mF�DGÂmH%n�ÂdDâÂmÁ
fhjm²O:mFIH�!0f_jm²In¶DGOGL
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� 3"5�
"046 ���=3"5 8 � :.Ã%FIÁ�FIÃp!MH0ÂpH%³GF�lGF*À¶j
$Qn¶D¤H0Ã%ÂWlEgE²�F*lm,'FIHK#?FIF*D Hs#�Â´²�ÂdDM!0F*²�±
gGH%n¶¾mFkfhjm²L:mFIHL!�''j�!^!%³GÂ�#�D´noD´N{n�OdgGÃ%F*4\L �,FIÃ%F�'	���1n?!�H%³GFKj� �ÂdgED¤H,ÂmÁ>!%fhjm²In¶DGO
,'FIHK#?FIF*D f_jm²L:mFIHL!4'{jmDEl���� n?!õH%³GF7H0Ã�jmD�!L 7n?!O!%n�ÂdDâH%n? �F�Á ÂmÃ·F*jm²�³Äf_jm²L:mFIHIL{¿ $
n¶D¤H0Ã%ÂWlEgE²In¶DEO�!�gE²�³ jklGF*À¶j
$�'1,hgGÃp!0HL!
ÂmÁ'fhjm²L:mFIHL!�²IjmD ,'FR!0fhjm²�F*lBÂdgGH4'UÃ%F�!�gEÀ�H%n¶DGO
n¶D�Á F4#�FIÃ fhjm²L:mFIHÚlGÃ%ÂmfM!�jYH7noDUH0FIÃO 7F*lEn¶jYH0F Ã%ÂdgGH0FIÃp!7jmDEl f'ÂmH0F*D¤H%n¶jmÀ¶À%$ 7 8;:�7=0=<
H%³GÃ�ÂdgGOd³GfhgGH1jYHõH%³GF�F*DElâ³GÂ"!0H4'�j�!f!%³EÂ
#�Dm,hjm²O:Qn¶DâN{n�OdgGÃ�F`BYL � ³\g�!4'yfhjm²O:mFIH
!0f_jm²In¶DGO�²IjmD f'ÂmH0F*D¤H%n¶jmÀ¶À%$ ,yF1g�!0F*l j�!�j/ �F*²�³hjmDEn?!L �H0Â�j�!L!%n?!%H?n¶DÚ²�ÂdDGOmF�!0H%n¶ÂdD
j�¾mÂdn¶lEjmDE²�F·jmDhlp²�ÂdDUH0Ã�ÂdÀÇL
¿�j�!0F*lpÂdDpN{n�OdgGÃ%FWB9'EH%³GFknolGF*jmÀyÂmfyFIÃ�jYH%n¶DGO�Ã%FIOdn�ÂdD ÂmÁwÂdgGÃ�fhjm²O:mFIH3±K!0fhjm²In¶DEO

 �F*²�³EjmDEn?!O Ã�jmDGOmF�!1Á Ã%Â" �9D 2��KH0Â/�9D�D12��dL #�ÂÚfhjm²L:mFIHf!0f_jm²In¶DGOBÂmÃ1fhjm²O:mFIH
!0f_jm²In¶DGO.ÂmÁMÀ�F�!L!�H%³EjmD �9D 2��´Ã%F�!%gEÀ�HL!Bn¶D ¾mFIÃL$ ³En�Od³ f_jm²L:mFIH À¶Â"!L!W#�n�H%³ À�F�!L!
lGF*Àon�¾mFIÃ%F*l�,hjmDEl�#�n¶lGH%³ H%³EjmDC#�³EF*D H%³GFõfhjm²O:mFIH^!0f_jm²In¶DGO�n?!��9D52��UL
�1FIf'F*DElEnoDGO ÂdD.H%³GFBjYfEf_À¶n¶²IjYH%n�ÂdD�'4H%³EF7n¶lGF*jmÀ
fhjm²O:mFIH3±K!0fhjm²In¶DEO´Ã�jmDGOmFV 7j�$

,'F7j�!h!O 7jmÀ¶À
j�!`B4D�D 2��BH0Âmk9D�D 2�� n¶D.ÂmÃ�lGFIÃkH0Â´OmFIHo������±�À¶n%:mFF,hjmDhlI#�n¶lGH%³
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,hgEH)#,n�H%³C!%n�OdDEn?nh²IjmDUH%À?$ À�F�!L!�f_jm²L:mFIHMÀ�Â"!L!4'GFmLÝOGL%'yjYH�k9D�D52��1'I,hjmDElI#�nolGH%³ n?! �9D
�d,�(�!N#�³En¶À�FBfhjm²L:mFIH7À�Â"!O!·n?!�ÂdDEÀ%$ B4D1E`'wÂmÃ�j�!�À¶jYÃ%OmF j�!��"D�D 2��ÚH0Â �9D�D 2��
H0Â Â�,EH%jmnoD � J���±�À¶n%:mFKÃ%F*À¶n¶j9,hnoÀ¶n�HK$C,_gGHf#�n�H%³â³En�Od³EFIÃõH%³GÃ%ÂdgGOd³Gf_gGHMH%³EjmD � J��wL
� Â FUPWfhÀ�Âdn¶H�H%³En?!1²�ÂdgED¤H0FIÃ�n¶D¤H%gEn�H%n�¾mFNnhDElEnoDGOI'�#?F�lEFI¾mF*À�Âmf.jmDQjmlG±�³GÂ\²�fhjm²O:mFIH3±
!0f_jm²In¶DGOBfhÃ%ÂmH0Â\²�ÂdÀ�P ��_=�?e�H0Â jml9v0g�!%H�H%³GF�j� �ÂdgED¤H,ÂmÁ�fhjm²L:mFIH !0f_jm²In¶DGO ,_j�!0F*l
ÂdD Á FIF*lI,hjm²O: Á�Ã%Â" H%³GFkDGFIHK#?ÂmÃL:yL��

time

t t t
tt

x xx
s s

packet 1packet 2packet 3

�_�Ø«� *�S��» � äGÔ�è�í�ÓaÑ#Ð�ë^Ô�è3Ö�×^Ù

k\L?BYL�� ����� �	��
 
�� � � � �
��� 
�� � ��� 
 � � � �	� � �

*3D ÂdgEÃ�jmlW±�³GÂW²7f_jm²L:mFIH3±K!0fhjm²InoDGO fhÃ%ÂmH0Â\²�ÂdÀMP �)_I�?ep'��7H%³EFV!0F*DElEFIÃ�n¶DEn¶H%n¶jmÀ¶À%$
H0Ã�jmDM!L 7n�HL! fhjm²L:mFIHL!ÄjYH H%³GF ³En¶Od³GF�!0H´f'Â"!L!�n%,hÀ�F Ã�jYH0F�'MnSLÝFmL%'1DGÂ:n¶D¤H0FIÃ0±Sfhjm²O:mFIH
!0f_jm²In¶DGOI'mjmDEl�H%³GF�Ã%F*²�F*n¶¾mFIÃt!0F*DEl�!
jm²O:\DEÂ
#�À�F*lEO" �F*DUHL!�FI¾mFIÃL$�Ã%ÂdgEDElG±SH0Ã�n�fKH%n? �F
P g �-� e�Á�ÂmÃ,H%³GF·fhjm²O:mFIHL!Mn�H�Ã%F*²�F*n�¾mF�!*LwP � ³En&!-g �-� n?!�H%³GF ,hj�!%F·fEÃ%Âmf_jYOdjYH%n�ÂdDW±
lGF*Àoj�$�H%n? �F�'WDGÂmH?H%³GF,l�$\DEj� Bn¶²Rg �-� L � Âo:mFIFIf H%³GF,fEÃ%ÂmH0ÂW²�ÂdÀ�!�n? �fhÀ�F�'1#�FMlEn¶l
DGÂmH�FUPWf'FIÃ�n? �F*D¤H[#�n�H%³ l�$\DEj� Bn¶²�g �R� !ILôe
° FÚ²IjmÀ¶²IgEÀ¶jYH0FBH%³GFF,hj�!0FVg �R� , $âf'FIÃ%Á ÂmÃO 7n¶DEO � 8?� :.lhgGÃ�n¶DGO ²�ÂdDEDEF*²�H%n�ÂdD

!0FIH3±�gEf�L��QC,Á H0FIÃ H%³GF.²�ÂdDEDGF*²�H%n�ÂdD n?! F�!0H%j9,hÀon?!%³GF*l�'?H%³GF !0F*DElEFIÃ ²�ÂdD¤¾mF4$=! H%³GF
²IjmÀ¶²IghÀ¶jYH0F*l/g �R� H0ÂMH%³GF�Ã%F*²�F*n¶¾mFIÃ�,e$�noDE²IÀ¶gElEnoDGO�n�H�#�n�H%³En¶DkH%³GF�³GF*jmlGFIÃ{ÂmÁhF*jm²�³
fhjm²O:mFIHIL #�ÂmH0FÚH%³EjYH·H%³hn?!·n?!�DGÂmH·Ã�F�A¤gEn¶Ã%F*l jYÁ H0FIÃ�H%³GFVnEÃO!0HKjm²L:WDGÂ
#,À�F*lGO" �F*D¤H
n?!�Ã%F*²�F*n�¾mF*l�'�,hgGH�#�FK³Ej*¾mF�À�FIÁ H�H%³En?!�fEÃ%Âz¾\n?!�n�ÂdDw!0ÂÚH%³EjYH,l�$\DEj� Bn¶² g �-� !1²IjmD
,'F gM!0F*l�noD H%³GFÚÁ gEH%gGÃ%FmL u�jm²�³ jm²O:\DGÂ�#�À�F*lGO" 7F*DUH�²�ÂdD¤H%jmn¶D�!KH%³GF D¤g� N,'FIÃ�ÂmÁ
fhjm²O:mFIHL!�H%³hjYH-#�FIÃ�FkÃ%F*²�F*n�¾mF*lpnoD H%³GFkfEÃ%FI¾Wn�Âdg�![g �-� L
° ³GF*D H%³GFC!0F*DhlGFIÃ�Ã%F*²�F*n�¾mF�!F!%gh²�³ jm²L:WDGÂ
#,À�F*lGO" �F*D¤HL!4'�n�H�²�Â" �fhjYÃ�F�!�H%³GF

D\g� N,yFIÃõÂmÁ?fhjm²O:mFIHL!o!%F*DUH4'�� ������� '�n¶D H%³GF�fEÃ%FI¾Wn�Âdg�!fg �-� H0ÂpH%³GFBD\g� N,yFIÃõÂmÁ
fhjm²O:mFIHL!÷Ã�F*²�F*n�¾mF*l�'������ �"!mL�¿�j�!0F*lkÂdD·H%³GF
¾YjmÀ¶gGF�!4ÂmÁ#� �����#� jmDEl$�%�&�'��!9'*H%³GFt!%F*DElGFIÃ
jmlEjYfhHL!�n�HL!�fhjm²O:mFIH�!0f_jm²In¶DGO(� �·j�!R!%³GÂ�#�Dpn¶D N{n�OdgEÃ%F��GL
¿?F*²Ijmg�!%F ÂdgGÃ ° C$# FUP\f'FIÃ�n& �F*DUHL! jmDEl !�n? �ghÀ¶jYH%n�ÂdD�!�!%³GÂ�#�F*l H%³EjYH H%³GF

n¶lEF*jmÀ�fhjm²O:mFIHJ!0f_jm²In¶DGO�Â\²I²IgGÃ�Ã%F*l ,'FIHK#?FIF*D D 2��.jmDEl k9D�D�D 2��1' #?F ²�³EÂ"!0F
) �KÓ?×^é�ÑSÓ�ÑSà^Ô�Ñ�Ô%Ñ
ÑSà^Ó?ë�ÒSÓ3æÇÓ3×IÑwÑSÖ�Õ�Ó�úmÑSàzÓ�ò§Ó3Ó0Þzç^Ô�è�íõÖ�æ
é�×^ÜÝêkÛzæÇÓ0Þkò§é�Ò�Ô�Þ���Ûzæ�ÑSÖ�×^Ù,ÑSàzÓ

ëYÔ�è�í�Ó�Ñ�æÇëYÔ�èaÖØ×zÙ�Ô�×^Þ�ÑSà^Ô�Ñ÷×^é�ÒSÓaÑÇÒ�Ô�×zæÇÕ�ÖØæÇæÇÖ�é�×^æ#Ô�ÒSÓ�Þzé�×^Ó�Ô%Ñ÷ÑSàzÖ�æ'ÑSÖØÕ�Ó�ï
* �KÓ_ÒSÓaò§ÓaÒGÑSé#ÑSàzÖØæGë�ÒSé�ÑSéIè3é�Ü�Ô�æGçmÓ3Ö�×^Ù,+�Ô�Þ�ñoà^éIè&-#çmÓ3è0Ô�Û^æÇÓ'ÖÝÑEÖ�æEÔ#ëmé�ÖØ×IÑÇñoæÇëmÓ3è3ÖÝð^èyæÇé�Ü�Û�ÑSÖØé�×

ÑSàYÔ%Ñyé�×^ÜÝê�Ô�ëzë^Ü�Ö�Ó3æyÑSé
ÑSà^Ó4ÑSÓ3æ�ÑSÓ3Þ�ÑSé�ëmé�Ü�é�Ù�ê�Ô�×^Þ�æÇÓ�ÒSì�Ó3æyé�×^ÜÝê�ÑSé�ÞzÓaÕ�é�×^æ�ÑÇÒ�Ô%ÑSÓ4ÑSà^Ó�çmÓ3×^Ó�ð^ÑSæ
é�òGë^Ô�è�í�ÓaÑ�æÇë^Ô�è3Ö�×^Ù�ïYîoÑ�ÖØæ�×zé�Ñ#Ô?Ù�Óa×^ÓaÒ�Ô�Ü\æÇé�Ü�Û�ÑSÖØé�×¤ï

. ö Õ�é�ÒSÓ�æÇé�ë^àzÖ�æ�ÑSÖØè3Ô�ÑSÓ0ÞKÕ�Óaè�à^Ô�×^Ö�æÇÕ è3é�ÛzÜØÞ�çmÓ�Þ�Ó3ì�Ó3Ü�é�ëmÓ0ÞkÑSé,Ù�ÓaÑ�Ô�çmÓaÑÇÑSÓaÒ
Óaæ�ÑSÖØÕ�Ô%ÑSÓ
é�òGÑSàzÓ ._þ4þwï^ùwé0ß'Óaì�ÓaÒ0ú^ò§é�Ò÷ÑSà^Ó
ëzÛzÒSëmé�æÇÓaæ#é�ò_é�ÛzÒ÷Ó���ëmÓaÒSÖ�Õ�Ó3×IÑSæ3ú�ß'Ó�é�×zÜ�ê,×^ÓaÓ0ÞzÓ0Þ1Ô�ì�Ô�ÜØÛzÓ
ÑSàYÔ%Ñ4ß4Ô�æ�ÒSÓ0Ô�æÇé�×YÔ�ç^Ü�Ó�Ó3×^é�Û^Ù�à,ÑSé�ë�ÒSé�ì*ÖØÞzÓ#ÑSÖØÕ�ÓaÜ�ê�ò§Ó3Ó0Þzç^Ô�è�ímï
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�_�Ø«� *�S�÷� � ö#Þ�ñoùwéIè{äGÔ�è�í�ÓaÑÇñ Ð�ë^Ô�è3Ö�×^Ù?äEÒSé�ÑSéIè3é�Ü

jmD n¶Dhn�H%n¶jmÀ�f_jm²L:mFIH !0f_jm²In¶DGOâÂmÁ(�9D 2��w,yF*²IjmgM!0F P+B�eKjmD1$\H%³En¶DGO !L BjmÀ¶À�FIÃKOmF*DW±
FIÃ�jYH0F*l !�n�OdDEn%nh²IjmD¤H%À%$p³En¶Od³GFIÃMfhjm²L:mFIH·À¶Â"!L!�#�n�H%³QDGÂ�,'F*DGF4nEH^#�n�H%³QÃ%F�!0f'F*²�HMH0Â
H%³GÃ�ÂdgGOd³GfhgGH,jmDEl�P kdeRnhDhlEn¶DGO�H%³GF�n¶lGF*jmÀ÷fhjm²L:mFIH !%fhjm²In¶DGOV#�n�H%³En¶DpH%³En?!,Ã�jmDGOmF
A\gEn¶²O:\À%$`#?ÂdgEÀ¶l H%j9:mF�DGÂ  7ÂmÃ%F·H%³EjmDJ!0FI¾mF*Dbg �-� !IL %#jYÃ%OmFIÃ�!0fhjm²In¶DGO"!,²IjmDd,'F
Ã%F*jm²�³GF*l n¶DBÂdDEÀ%$BjKÁ F4#  7ÂmÃ%F^g �-� ! ,'F*²Ijmg�!%F,H%³GF1fhjm²O:mFIHR!0fhjm²In¶DEO�n¶DE²�Ã�F*j�!0F�!
FUPWf'ÂdDGF*DUH%nojmÀ¶À%$mL
� ³GF�� ���
������P � ���1k	�������Me'²IÀ¶jmgM!0F�F*D�!�gGÃ%F�!�H%³hjYH#H%³GF) 7j�PGn? �gM fhjm²O:mFIH

!0f_jm²In¶DGO�n?!�ÂdDGF g �-� L � ³EjYH�n?!�'EjYH�À�F*j�!0H�ÂdDGF·fhjm²L:mFIH1n?!-!0F*D¤H�FI¾mFIÃL$Cg �-� L
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��� 
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 � � � � � � �

�MgGF H0ÂÄH%³GFpÂmfEf'Â"!%n¶DEO fhjm²O:mFIH3±K!0fhjm²In¶DEO�lGF*²In?!�n�ÂdD�!�n¶D ÂdgGÃ jmlW±�³GÂW²C�)_=��'
n¶Dhn�H%n¶jmÀGH0F�!0HL!�ÂmÁ��)_=��Ã%F�!�gEÀ�H0F*lÚn¶D ÀojYÃ%OmFMÂ"!%²In¶À¶À¶jYH%n¶ÂdD�!�jYÃ�ÂdgEDEl H%³GF1nolGF*jmÀ !0F*DElW±
n¶DEO7Ã�jYH0FmL � ÂÚjmlElGÃ%F�!L!,H%³En?!�fEÃ%Â�,hÀ¶F� C'I#�F�jmlElGF*l´H%³GFKÁ�ÂdÀ¶À¶Â
#�n¶DEO7³GF*gGÃ�n?!%H%n¶²MH0Â
lEj� 7f H%³GF7Â"!%²InoÀ¶À¶jYH%n�ÂdD�! �"! 2V3$#Q7����`7�5p5&% <��`.'%M0`687b3 .10(# 8*)p0=<<3�6K0C.10O5�<L0L3 ��0 8?�
6?7=0 �I3"5�
"046 � �=315�8?� :,+ 3���.W5O7����40.-&%M0=�M6/#1032 8?��5�<L0L3��40(8?�/<+3"6K05462 6?7=0=�w6?7I0��40=��.10=<
<L0(7�0=<U6?�`687 6?7=0 � <L0(7 8 7'%�� �I3"5�
"046/8 � �=3"5 8 ��:9793'#:%M06;c��!�n¶DGO´H%³hn?!�³EF*gGÃ�n?!0H%no²9'�H%³GF
!0F*DhlGFIÃ) Bj9:mF�!)!�n�OdDEn%nh²IjmD¤H%À%$W!L 7jmÀoÀ�FIÃ�Â"!�²In¶À¶À¶jYH%n�ÂdDM!�jYÃ%ÂdgEDhlBH%³GFMn¶lGF*jmÀhÂmf'FIÃ�jYH3±
n¶DEO f'Âdn¶D¤H4''Ã%F�!%gEÀ�H%noDGO n¶Dâj B4D1E noDE²�Ã%F*j�!0F7n¶DQÂz¾mFIÃ�jmÀ¶À{H%³GÃ%ÂdgEOd³GfhgGHIL � ³\g�!4''n¶D
H%³En&!õfhjYf'FIÃ�'G#?F #�noÀ¶À{fEÃ%F�!0F*D¤HkFUPWf'FIÃ�n? �F*D¤H%jmÀ
Ã%F�!%ghÀ�HL!kÁ ÂmÃ·H%³GFÚlEj� �f'F*l ��_=�
Ã�jYH%³EFIÃ�H%³EjmD H%³GFkjmlG±�³GÂ\²h�)_=�wL

k\L 4\L=<�>�?�
 � � � � �.@ 
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�� � ��� 
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C1À�H%³GÂdgEOd³7H%³GF�f_gGÃ%f'Â"!0F�ÂmÁ4H%³GF1jmlW±�³GÂW²�jmDEl lEj� �f'F*lF�)_I�t!�n&!�H0Â�lEF� �ÂdDW±
!0H0Ã�jYH0FkH%³GF ,'F*DGF4nEHL!�ÂmÁ{fhjm²O:mFIH�!0f_jm²In¶DGOI'GH%³GF�!0F·fEÃ%ÂmH0ÂW²�ÂdÀ?!�jYÃ%Fkf'Âdn¶D¤H3±K!0f'F*²In%nh²
!0ÂdÀogGH%n�ÂdD�!�H%³EjYH jYfEfhÀ%$�ÂdDEÀ%$�H0ÂÄH%³GFpH0F�!%H0F*l H0Âmf'ÂdÀ�ÂmO�$ !%³GÂ�#�D n¶D N{n�OdgEÃ%F �\L
NEgEÃ%H%³GFIÃO �ÂmÃ�F�'^H%³EF�³hjmÀ�¾\noDGO,ÂmÁyH%³GF[!0F*DElhn¶DGO1Ã�jYH0F�n¶DKH%³GF�jmlW±�³GÂW²�jmDEl�lEj� �f'F*l
��_=�t!#n¶DkÃ%F�!%fyÂdDM!0F�H0ÂMj�!�n¶DGOdÀ�F�²�ÂdDEOmF�!0H%n�ÂdD�n¶DElhn¶²IjYH%n�ÂdD  7j
$ ,'F�gEDhDGF*²�F�!L!%jYÃ�noÀ%$
!0FI¾mFIÃ�F1Á ÂmÃ�Ã%F*jmÀ¦±SH%n? 7F,jYfEfhÀon¶²IjYH%n�ÂdD�!)!%gE²�³ j�!�¾Wn¶lGFIÂKjmDEl n¶DElEgE²�F�!t,hgGÃO!%HK$7H0Ã�jYÁ�±
nh²h,'F*³Ej*¾Wn�ÂmÃ*L � Â jmlElGÃ�F�!L!�H%³EF�!0F�fhÃ%Â�,hÀ�F� F!�'�#�F�lEn?!�²Ig�!L!�jÚOmF*DGFIÃ�jmÀ�!0ÂdÀogGH%n�ÂdD
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H%³EjYH�jmlEjYfhHL!?jmD F�A\gEjYH%n�ÂdDG±8,hj�!0F*l�'W²�ÂdDGOmF�!0H%n�ÂdDG±�²�ÂdDUH0Ã%ÂdÀ  �F*²�³EjmDhn?!L iQB�B l÷jmDEl
n¶Dh²�ÂmÃ%f'ÂmÃ�jYH0F�!�fhjm²L:mFIH�!0fhjm²InoDGOGL
C1D jYfEfhÀon¶²IjYH%n�ÂdD=H%³EjYHpg�!0F�! j ²�ÂdDGOmF�!%H%n�ÂdDW±�²�ÂdD¤H0Ã%ÂdÀh �F*²�³EjmDEn?!O H%³EjYHpn?!

 �ÂmÃ�F jYOmOmÃ�F�!L!%n�¾mF H%³EjmD � J��-\]!â²�ÂdgEÀol gEDGÁ�jmn�Ã�À%$ À¶n? Bn�H � J[� H0Ã�j�
B²�Á Ã%Â" 
OmFIH0H%n¶DEO n�HL!KÁ jmn�ÃF!�³EjYÃ%F ÂmÁR,hjmDhlI#�n¶lGH%³ iQB4D�l,jmDEl�¾Wn¶²�F ¾mFIÃO!%jWL � Â jm²�³hn�FI¾mF´j
fEÃ�ÂmfyFIÃ�,_jmÀ¶jmDE²�F�'�#?Ft!0F*À�F*²�Hwj�Á ÂmÃO �ghÀ¶jYH%n�ÂdDMH%³EjYHwn?!�,hj�!0F*lkÂdDkH%³GFt!%H0F*jmlI$U±K!%H%jYH0F
!0F*DhlEn¶DGOKÃ�jYH0FkÂmÁ � J��riQB �
l+�

� � �

��� ���
��� ���	��
�P 4�� ���
 e �wP+B � 4�k"� � e

� ³hn?!yF�A¤gEjYH%n¶ÂdDõfEÃ%Âz¾\n¶lEF�!4jmD·gGfEf'FIÃ ,'ÂdgEDEl1ÂdDõH%³GF !0F*DElEn¶DEO�Ã�jYH0F ��n¶D�,e$¤H0F�!p(�!%F*²9'
j�!,j�Á ghDE²�H%n�ÂdD ÂmÁ{H%³GFkf_jm²L:mFIH�!%n%@IF �1'GÃ%ÂdgEDElG±SH0Ã�n�f H%n? �F �/'�!0H0F*jmlI$¤±K!0H%jYH0F�À�Â"!L!
FI¾mF*D¤H�Ã�jYH0F � 'EjmDEl H%³GF � J�� Ã%FIH0Ã�jmD�!L 7n�H�H%n? 7FIÂdgGH ������
�L
° ³En¶À¶Ft!0FIH0H%n¶DGO,H%³GF�Ã�jYH0F?jm²I²�ÂmÃ�lhn¶DGO�H0Â1H%³GF?j9,yÂz¾mF�F�A\gEjYH%n�ÂdD�F*D�!%gEÃ%F�! � J��
±

Á Ã�n�F*DElhÀ¶n¶DGF�!L!o,'FIHK#?FIF*D=H%³GFQF�A¤gEjYH%n¶ÂdDW±8,hj�!0F*låfhjm²L:mFIH3±K!%fhjm²In¶DGO fEÃ%ÂmH0ÂW²�ÂdÀMjmDEl
� J[��'*n¶H�#�n¶À¶À^Ã%F�!%ghÀ�H�n¶D�,hgGÃp!0HK$1H0Ã�j�
B²c,'F*³Ej�¾\n¶ÂmÃG,'F*²Ijmg�!0F � J[�´n�HL!0F*À¶Á¤n?!�,_gGÃO!0Hs$
n¶DQDEjYH%gGÃ�FmL � ³\g�!4'�#?F/!%FIH1H%³EF/!%F*DElEn¶DGO Ã�jYH0F7DGÂmHMÂdDEÀ%$C,_j�!0F*lâÂdDQH%³GF�j9,yÂz¾mF
F�A\gEjYH%n�ÂdDC,_gGH�jmÀ?!0Â7ÂdD´jmDpFUPWfyÂdDEF*DUH%n¶jmÀoÀ%$ #?F*n�Od³¤H0F*ld �Âz¾\n¶DEOBj*¾mFIÃ�jYOmFKÂmÁ{H%³GF
D\g� N,yFIÃ ÂmÁ�fhjm²L:mFIHL!J,'FIHK#?FIF*D À�Â"!L! FI¾mF*D¤HL!qiQB�B l�n¶D=ÂmÃ�lEFIÃ H0Â !L �Â\ÂmH%³ ÂdgGH
²�³EjmDGOmF�!�noD H%³GFh!0F*DElhn¶DGOKÃ�jYH0FmL
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NEÂmÃ?ÂdgEÃ ° C(# !%n? KgEÀ¶jYH%n�ÂdDM!4'"#?F1g�!%F*l ��� 8��1' #�³hn¶²�³Ún?!�j�DGFIHs#�ÂmÃO: !%n? KgEÀ¶j^±
H0ÂmÃ?lGFI¾mF*À�Âmf'F*lF,e$�H%³GF-H^* # � OmÃ%ÂdgEfmiQB lSL ° F1Ã%FIÁ FIÃ�H0Âo!0F*DElGFIÃO!�jmDEl7Ã%F*²�F*n¶¾mFIÃO!
j�!h3 : 0=��6?�p'�#�³hn¶²�³ Á ÂdÀ¶À�Â�#R!�Á Ã%Â" H%³GFõH0FIÃO Bn¶DGÂdÀ�ÂmO�$ g�!0F*lC,e$ ��� 8��dL

)õgGÃ
fhjm²L:mFIH3±K!%fhjm²In¶DGO�jYOmF*DUHMP �)_WCõe{n? 7fhÀ�F� �F*D¤HL!
fhjm²O:mFIH !0fhjm²InoDGO�� 8 6?7e7'%I6
jmD $õ²�ÂdDGOmF�!0H%n�ÂdDW±�²�ÂdD¤H0Ã%ÂdÀ¤Á�FIF*l�,hjm²L:yL^¿?F*²Ijmg�!%F�H%³GF�lhj� �f'F*l �)_=�´ÂdgGH0f'FIÃ%Á ÂmÃO F!
H%³GF jmlW±�³GÂW² �)_I��' #�F ÂdDEÀ%$.n? �fhÀ¶F� �F*DUHkjmDhl FUPWfyFIÃ�n? �F*D¤H #�n�H%³.H%³EF7Á�ÂmÃp �FIÃ
n¶D=j lEj� �f'F*l �)_GC·L %÷j�!%H%À%$�'�ÂdgGÃ F�A¤ghjYH%n�ÂdDW±8,hj�!0F*l ��_WC>n& �fhÀ�F� �F*D¤HL!ÚH%³GF
F�A\gEjYH%n�ÂdDW±8,_j�!0F*lw�)_I�#L

4\L?BYL���� ��� �����! � � ��� � �#"
N{n�OdgEÃ%F �m!%³EÂ
#R!�H%³GF DGFIHs#�ÂmÃO:�H0Âmf'ÂdÀ�ÂmO�$�H%³EjYHW#�F g�!%F*l�noD�ÂdgEÃKFUPWf'FIÃ�n¦±

 �F*D¤HL!IL � ³EF%$âDGÂ\lEF�!MÂdD.H%³GFBÀ�FIÁ HBP�� X � � � �'&'&'&6� �#(me^!%n? KgEÀ¶jYH0FW!0F*DElGFIÃp!õÂdD jÀ�ÂW²IjmÀ¦±�jYÃ%F*jCu�H%³GFIÃ�DGFIH4'4H0Ã�jmD�!L 7n�H0H%noDGO ¾\n¶j jp²�Â"  �ÂdD.OdjYH0F4#�j�$.Ã%ÂdgGH0FIÃÚP FmLÝOGL%'
%#C$#f( ° C(# OdjYH0F4#�j�$�ÂmÃ �*),+ ! !.- � ekH0Â.j ° C(# ,hjm²O: ,'ÂdDGFÚÃ�gEDEDhn¶DGOpjYHCB ���
�d,�(�!{ÂmÃ�)kJ�± 4e;YH%³En&!{H0ÂmfyÂdÀ¶ÂmO�$N �ÂWlGF*À?!wH%³GF %÷C(#=jmDEl ° C(#åjYH %÷Â"!
C,Àoj� �Â"!
#1jYH%n�ÂdDEjmÀ(%÷j9,'ÂmÃ�jYH0ÂmÃL$mL�C1À¶À�H%³GF Ã%F*²�F*n�¾mFIÃO! jYÃ%FQjYOmOmÃ%FIOdjYH0F*l n¶D¤H0ÂÄH%³EFQDGÂWlGF
� � + � (mL � ³GF OdjYH0F4#?j
$ Ã%ÂdgGH0FIÃ7³Ej�!Bjb,hg=S'FIÃ/!�n%@IF ÂmÁoB4Dâf_jm²L:mFIHL!4'^B4D�D^± �w,�(�!
u�H%³GFIÃ�DGFIH·Àon¶DI:=!f#�n�H%³qkz±K !�lGF*Àoj�$=!·H0Â H%³GFV!0F*DhlGFIÃO!4'÷jmDhlÄjTB ���z± �w,�(�!�À¶noDI:
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#�n¶H%³��"D^±K !BlGF*À¶j
$ H0Â H%³GF Ã%F*²�F*n�¾mFIÃp!IL � ³En&!KlEF*À¶j�$ n?!�HK$\fhn¶²IjmÀ�ÂmÁ1H%³EFplGF*À¶j�$
Á ÂdgEDEl n¶D j�H0Ã�jmD�!%²�ÂdD¤H%n¶DGF*D¤H%jmÀ ° C$# ²�ÂdDEDGF*²�H%n¶ÂdD4L

n

n

n

n

3

2

1

k

nmiddle nsink

2 ms delay
100 Mb/s buffersize = 10 packets

40 ms delay
155 Mb/s

�_�Ø«� *�S��� � þ¤é�ëmé�Ü�é�Ù�ê1ò§é�Ò �·ö # Ð�Ö�Õ?ÛzÜØÔ�ÑSÖ�é�×zæ

4\L k\L�
 ��� � �  �? ��
 � � � ���

�,FIÃ%F)#�F)!0H%gElI$õH%³EFt,'F*³Ej*¾Wn�ÂmÃ#ÂmÁh²�Â" �f'FIH%n¶DGO^�)_WC^!÷jmDElo�)_GC�!#²�Â" �f'FIH%n¶DGO
#�n¶H%³ � J[�QjYOmF*D¤HL!IL"%#n%:mF �´ÂMFIH
jmÀÇL�iQB ��l=#,³GÂ1²�Â" 7fhjYÃ%F � J�� g�F*DGÂ1jmDhl � J��
H
FIOdj�!Kg�!%n¶DEO noDInhDEn�H0FonhÀ�F�H0Ã�jmD�!0Á FIÃO!4'�#?FBg�!0FBnoDInhDEn�H0FonhÀ�F�H0Ã�jmD�!0Á FIÃO!MÁ�ÂmÃ�H%³GF
� J[�p²�ÂdDEDGF*²�H%n�ÂdDM!�j�!G#?F*À¶ÀÇLUP�NGÂmÃ#H%³GF>nEOdgEÃ%F�!4n¶DMH%³En?! !0F*²�H%n�ÂdD�'IF*jm²�³�lEjYH%j�fyÂdnoDUH
n¶D H%³GFf!%n? KgEÀ¶jYH%n¶ÂdDBOmÃ�jYf_³�!?Ã%FIfEÃ%F�!0F*D¤HL!�H%³GFMÃ%F�!%ghÀ�H�ÂmÁwj&�9D�D^± �N!%n? KgEÀ¶jYH%n¶ÂdDBÁ ÂmÃ
j�fhjYÃ�H%n¶²IgEÀ¶jYÃ�fhjm²O:mFIH3±K!0fhjm²In¶DEO n¶D¤H0FIÃ%¾YjmÀÇLôe

4\L k\L?BYL ����� ���c7�� �I0�6	8 ��:
*3DQH%³En?!f!0FIHõÂmÁ�FUP\f'FIÃ�n& �F*DUHL!�'�#?F�Ã�jmD !%n? KgEÀ¶jYH%n¶ÂdD�!R#,n�H%³ ke' �I'��e'�jmDElYB �

��_WC�!�²�Â" �f'FIH%n¶DGO·jYOdjmn¶DM!0H�F*jm²�³ ÂmH%³EFIÃ�'dÃ%F�!0f'F*²�H%n�¾mF*À?$mL¤N{n�OdgGÃ%F�!6�kjmDEl �f!%³GÂ�#
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